S1 Optical properties of AgAu clusters

S1.1 Additional room temperature spectra
Absorption spectra of samples with Au concentrations between 0 and 29 % are shown in Figure S1 . A closer look at luminescence intensity for samples with 0 to 14 % Au is also shown. Luminescence intensity is relative to a pure Ag 29 sample prepared and measured on the same day. All emission spectra were measured at 480 and 500 nm and the intensities were averaged. 
S1.2 Quantum yield determination
To determine the quantum yield of the clusters, emission spectra were recorded for a number of different dilutions of the sample. The integrated emission intensity is a function of absorbance, as shown in Figure S2 , and proportional to the quantum yield. 
S1.3 Room temperature luminescence lifetime
Room temperature luminescence lifetimes of AgAu clusters are shown in Figure S3 . The lifetime decreases with increasing amount of Au. 
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S1.4 Low temperature spectra
At 4 K, we recorded emission spectra at different excitation wavelengths to give 2D emission-excitation maps. This was done for samples with 0 and 3.6 % Au. Both are shown in Figure S4 . It is clear that the bimetallic sample contains some pure Ag 29 clusters, with emission at 675 nm. 
S1.5 Low temperature luminescence lifetimes
Luminescence lifetimes were also recorded at 4 K. The lifetime depends on the emission and excitation wavelength, due to the presence of both Ag 29 and Au y Ag 29-y clusters. Results of fits to tri-exponential decays are given in Table S1 , for the measurements shown in Figure 2 . The average
The pure Ag sample and 3.6 % Au sample measured at Ag 29 excitation and emission wavelengths (490 and 680 nm) show very similar lifetimes, but the pre-exponential factors differ which may be due to a different distribution of decay rates in the sample. The average lifetime is also shorter.
Average lifetimes were calculated for the 3.6 % Au sample for a number of other emission and excitation wavelengths. These are given in Figure S5 . 
S2 Mass spectrometry
S2.1 Purification with BuOH
Purification of clusters with BuOH was done by mixing 300 µL clusters, 400 µL BuOH and 100 µL methanol in an Eppendorf vial. The vial was briefly centrifuged to speed up phase separation, and the upper colorless organic layer was removed. Next, 300 µL BuOH was added, the vial was shaken and centrifuged, and the organic layer was again removed. This was repeated until the clusters had just sedimented. Typically, 3-5 extractions with BuOH were needed. After removing the final organic layer and washing with methanol (50-100 µL), the clusters were redispersed in water (50-100 µL).
S2.2 Mass spectra of clusters with different Au concentrations
Mass spectra were recorded for samples with up to 14.3 % Au. Spectra of these samples, together with theoretical spectra, are shown in Figure S6 . Theoretical mass spectra were calculated using ChemCalc 1 with full width at half maximum = 0.5. In calculating theoretical mass spectra, we assume that neither of the two S-atoms in LA is present as a thiol (thus LA is C 8 H 14 O 2 S 2 ). Calculations were done for cluster compositions [Au y Ag 29-y (LA) 3 -12 − (2 + x)H + + xNa + ] 5 -, for y = 0, 1 and 2, and where x is between 0 and 10. Figure S7 shows mass spectra where signals of the 3−, 4− and 5− ions have been deconvoluted into the 3− species. As can be seen from the figure, the overall charge state does not affect the spectrum. At first glance, the spectral shapes appear different for the three charge states, with different intensity distributions of the Na + adduct signals. For the sample with 0 % Au, the peak corresponding to x = 2 (third peak) is the most intense in the 5− charge state, while it is x = 3 and x = 4 for the 4− and 3− charge states, respectively. However, in each case the most intense peak corresponds to the cluster with 4 deprotonations (because the 4− and 5− charge states have x + 1 and x + 2 deprotonations respectively). The same observations can be made for the samples with 2.9 and 7.1 % Au, using the cluster composition Au 1 Ag 28 . Figure S7 Deconvolution of mass spectra of 5−, 4− and 3− ions into the corresponding 3− species (this charge was chosen as this corresponds to the core charge of the cluster). Spectra are shown for samples with 0, 2.9 and 7.1 % Au (blue, orange and red, respectively). In each case, also a theoretical spectrum of [Au y Ag 29-y (LA) 3 -12 − xH + + xNa + ] 3 -is shown, with values x =0-12. Note that for the 5− species, the peaks with x = 11 and x = 12 cannot be observed experimentally because two LA must be deprotonated without Na + association to obtain the overall 5− charge. Likewise, the x = 12 peak is not observed for the 4− species.
S6
S2.3 Deconvoluted spectra
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S2.4 Fits to theoretical spectra
To estimate concentrations of each cluster, the mass spectra were fitted to theoretical spectra. Each LA has one carboxylic acid group which can be deprotonated. The overall composition of a cluster can be written as [Au y Ag 29-y (LA) 3 -12 − (2 + x)H + + xNa + ] 5 -, where y = 0-2 and x = 0-10. Only the 5− overall charge state was considered, as this is the most intense in our spectra. Clusters with 3 or more Au atoms are not observed in our experimental mass spectra, so were ignored in this analysis. The parameter x can't be above 10, because there are only 12 LA and two of these must be deprotonated without any Na + association to keep the overall 5− charge state.
For the fit, it was assumed that clusters with different number of Au atoms (y) have the same intensity distribution of Na + adduct peaks (with different x). In other words, each number of Au atoms y has the same intensity distribution for the eleven values of x. As the H + /Na + exchange takes place on the ligands far away from the metal atoms, this is a valid assumption. The total intensity of the spectrum is then given by:
where n 0 , n 1 and n 2 are the abundances of the cluster with y = 0, 1 or 2 Au atoms, a x the abundances of the species with x H + /Na + exchanges, I
(y)
x the spectrum of that species and C a constant background intensity. The experimental spectrum was normalized and the fit parameters a x were constrained between 0 and 1. Further constraints were added if needed to ensure a reasonable distribution of a x values, such as a minimum intensity for the last few adduct signals. If no ion signals are observed in the range m/z 1187 to 1200 (where only Au 2 Ag 27 appears), y = 2 is ignored.
Assuming contributions from Ag 29 , Au 1 Ag 28 and Au 2 Ag 27 , there are 15 fit parameters (3 for the concentrations of clusters, 11 for the intensity of each Na + adduct signal, and 1 parameter to estimate the non-zero background intensity).
The theoretically expected abundance of clusters with y Au atoms as a function of Au fraction χ Au , assuming Au is randomly distributed over all clusters, is given by:
Fit results The fit does not give absolute intensities of each cluster, but rather ratios. These are compared to the theoretically expected ratios of Ag 29 and Au 2 Ag 27 to Au 1 Ag 28 , assuming a completely random distribution of Au in Ag clusters. Experimental intensities and theoretically expected values are shown in Figure S8 together with an example of a fit. In all cases the experimental ratios lie far below the theoretically expected values, indicating that the distribution of Au is not random but there is instead a preference for Au 1 Ag 28 .
We estimate the accuracy of the fit results to be around 10 %. This is based on the results of fits to three spectra of pure Ag 29 clusters, where the fit nevertheless found small contributions of Au 1 Ag 28 because the background is not perfectly flat. For samples with low Au concentrations (below 5 %), the total observed ratio of gold to silver is different from the ratio in the sample, up to 20 %. In some cases there appears to be an excess of Au, in others an excess of Ag, but there is no clear trend. It may be dependent on many factors in sample preparation, purification and ionization. For higher concentrations of Au, the difference between fit result and theoretically expected concentrations far S8 exceeds this, with 40-70 % less Au than expected from the sample composition. Pure Au clusters with LA are not observed in any of the mass spectra, so it is unknown where the missing Au is. Clusters with different numbers of Au atoms may not behave the same upon ionization and purification. 
S3 Post-synthesis modification of Ag 29 clusters
Bimetallic clusters can also be prepared by addition of HAuCl 4 to a solution of Ag 29 , followed by reduction with NaBH 4 . Without the reduction step, the sample is unchanged. Addition of only NaBH 4 does not affect the sample. See Figure S9 for UV-Vis absorption spectra. Post-synthesis modification was tried for samples with 2.9 and 7.1 % Au and was successful for both. 
S3.1 Mass spectra
Mass spectra of Au-doped clusters prepared via the standard synthesis route and via post-synthesis modification are shown in Figure S10 . 
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S4 Stability of Ag and AgAu clusters
Doping of Ag 29 with Au results in enhanced stability to heat and bleaching with UV-light, as shown in Figure S11 . 
S5 XAS
S5.1 Cluster structure for calculations
All XAS calculations are based on the structure of Ag 29 (BDT) 12 (TPP) 3 -4 (1,3-BDT, benzendithiol; TPP, triphenylphosphine). 3 For calculations, the phosphines were removed and BDT was replaced by LA. All Ag and S atom positions were the same. The cluster structure is shown in Figure S12 . 
S5.2 Extent of radiation damage
UV-Vis absorption spectra were recorded of the sample before and after recording XAS, to determine the extent of radiation damage. The overall EXAFS spectrum in Figure 4 is the average of multiple scans recorded over 4 h, and XANES was recorded every 25 min to monitor radiation damage. The UV-Vis and XANES spectra demonstrating radiation damage are shown in Figure S13 
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S5.3 Effect of radiation damage on EXAFS
Radiation damage during EXAFS causes a decrease in Au−Ag coordination and an increase in Au−S coordination, as seen in Figure S14 . In total, When only the first 2 h of measurements are used (black), the intensity of the Au−Ag scattering peak is higher than when only the last 2 h of measurements, corresponding to more damaged sample, are considered (grey). The average of all scans, measured over 4 h, is used in Figure 4 .
S5.4 Additional XANES spectra, higher resolution
The overall resolution for XAS could be improved further by using the Si(311) rather than the Si(111) reflection of the monochromator and placing masks on the analyzer crystals to use only the highest quality regions of the crystals. As seen in Figure S15 , this resulted in no new spectral features.
The improved resolution comes with a decrease in intensity, thus a longer measurement time is required (we measured for 3 h). This results in a longer exposure of the sample to X-rays, and it can be seen from UV-Vis absorption spectra recorded before and after the measurement ( Figure S16 ) that there is radiation damage. The total XANES spectrum is the average of more than 150 scans recorded over a period of around 3 h. By averaging the first and last 20 spectra, one can check for changes in X-ray absorption (indicative of radiation damage). This is also shown in Figure S16 . The damage is less severe than was observed for the 4 h EXAFS measurement ( Figure S13 ). S14 Figure S16 Effect of radiation damage during XANES measurements with the highest resolution (0.5 eV). (a) XANES spectra at the start and end of the experiment. (b) UV-Vis absorption spectra before and after recording XANES. The measurement time was 3 h, almost as long as the full EXAFS measurement. Nevertheless, radiation damage is less severe for XANES than for EXAFS (see also Figure S13 ).
S5.5 Additional XANES calculations
Additional XANES calculations were done of Au in the cluster Au 1 Ag 24 (SR) 18 . The structure was taken from 4 . This has an icosahedral Ag 13 core surrounded by six Ag 2 (SR) 3 staple units. Calculations were done for Au substituting the central atom (centre site), for Au substituting one of the atoms in the icosahedral shell (ico site) and for Au substituting one of the atoms in the capping units (staple site). See Figure S17 for spectra. 
